Endometriosis affects 5 % to 15 % of reproductive-aged women; [1] within this population, bowel endometriosis affects between 3.8 % and 37 % of women [2] . Endometrial implants involving the bowel occur most commonly in the sigmoid colon and rectum, followed by the ileum, appendix and cecum [3] . Symptoms associated with rectosigmoid endometriosis may include dyschezia, constipation, diarrhea, abdominal bloating and cyclical rectal bleeding [4] . These symptoms may mimic or overlap with symptoms of irritable bowel syndrome, making diagnosis of rectosigmoid endometriosis challenging [5] Lower endoscopic ultrasound (LEUS) has been employed in preoperative evaluation of patients with suspected endometriosis of the rectosigmoid colon since the late 1990s [6, 7] . Preoperative diagnosis of rectosigmoid endometriosis may assist with operative planning and lead to involvement of a bowel surgeon in addition to the primary gynecologic surgeon. Previous studies have reported positive and negative predictive values for LEUS in diagnosis of rectosigmoid endometriosis as high as 
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Background and study aims Endometriosis affects a significant proportion of reproductive-aged women and involves the bowel in up to one-third of patients with the condition. Lower endoscopic ultrasound (LEUS) in assessment of endometriosis of the rectosigmoid colon was first described 20 years ago in European populations. The current study aimed to describe the diagnostic characteristics of this imaging modality at a tertiary US referral center in a large cohort and its impact on surgical planning.
Patients and methods
This was a retrospective cohort study of adult women evaluated for rectosigmoid endometriosis by LEUS at an American tertiary referral center between January 2003 through June 2017. The reference standard for rectosigmoid endometriosis was surgical evaluation regardless of whether tissue was obtained for histologic evaluation. Two separate analyses were run; one comparing EUS to laparoscopic findings and another comparing EUS to histologic findings. 
Results

Conclusions
In this large cohort of women at an American tertiary referral center undergoing evaluation for rectosigmoid endometriosis, LEUS demonstrated high PPV and NPV as well as excellent diagnostic accuracy. In addition, the LEUS findings provided important information to the referring gynecologic surgeon. This minimally-invasive imaging modality should be utilized in preoperative evaluation of women undergoing surgery for suspected or known endometriosis.
86.8 % and 97.7 %, respectively [8 -10] , but have not described how this affected preoperative planning. In addition, no large American series has been reported.
The current study aimed to describe endosonographic, surgical, and histologic findings in patients referred for evaluation of rectosigmoid endometriosis via LEUS and to report the diagnostic sensitivity, specificity, positive predictive values (PPV) and negative predictive values (NPV) as well as to assess the impact of findings of LEUS on surgical planning at a tertiary American referral center.
Patients and methods
All adult women (agee ≥ 18 years) evaluated for rectosigmoid endometriosis by LEUS at our tertiary referral center between January 2003 through June 2017 were identified. The study design was evaluated and exempted by the local Institutional Review Board. In all instances, the patients were referred by their gynecologist. All procedures were performed by or under the supervision of one of two experienced attending endosonographers utilizing Olympus Radial Array (GF-UE160-AL5) endosonoscopes. Gastroenterology trainees were involved in some of the cases. All procedures were performed under moderate or deep sedation following a standard polyethylene glycol 3350-based oral preparation. Clinical and procedural data were collected, including patient-reported symptoms, physical exam findings, prior imaging and endoscopic data, LEUS findings, surgical and histologic findings as well as surgical interventions, when available. An endometrial implant into the rectosigmoid was diagnosed on LEUS by a hypoechoic or heterogeneous intramural lesion, usually irregularly shaped and within the bowel wall (▶ Fig. 1 ) [11] . Fine-needle aspiration (FNA) at the time of LEUS was not performed in this population. Adverse events (AE) were graded according to the American Society for Gastrointestinal Endoscopy lexicon [12] .
Statistical analyses were performed using Stata version 15.1 (StataCorp, Texas, United States). All continuous variables are expressed as mean ± standard deviation, and skewed variables are expressed as median and interquartile range. Categorical variables are expressed as proportions (%). A P value < 0.05 was considered statistically significant. Two separate analyses were run; one comparing LEUS to laparoscopic findings and another comparing LEUS to histologic findings. The reference standard for rectosigmoid endometriosis was laparoscopic evaluation regardless of whether tissue was obtained for histologic evaluation.
Results
Ninety-three patients underwent LEUS for evaluation of rectosigmoid endometriosis during the study period and of them, 71 went on to have operative evaluation and were analyzed (▶ Fig. 2 ). Mean age in this cohort was 34.0 years (SD ± 6.3); 57 patients (80.3 %) had a prior diagnosis of endometriosis and 53 patients (74.6 %) had previously undergone surgery for endometriosis. Sixty-three patients (88.7 %) had lower gastrointestinal symptoms, with the most common being dyschezia.
Prior imaging studies were available in our medical records system for 34 patients (47.9 %), with transvaginal ultrasound as the dominant modality (23 patients). Eight patients (11.3 %) had prior lower endoscopic examination without use of ultrasound; only one patient had findings concerning for endometriosis due to external compression of the colon. One severe AE (perforation) occurred during the study period in a patient with a history of partial colectomy and colonic stricture, which was managed surgically with a favorable clinical outcome; there were no other AEs. Patient demographic data are presented in ▶ Table 1 .
Of the 71 patients analyzed, ectopic endometrial tissue was found on laparoscopic evaluation in 51 (71.8 %) with rectosigmoid endometriosis diagnosed intraoperatively in 15 of these patients. Sixty-three patients (88.7 %) had intraoperative histologic specimens collected, with 17 patients undergoing biopsy of suspected rectosigmoid endometrial implants; histology confirmed a diagnosis of rectosigmoid endometriosis in 14 of these 17 patients (82.4 %). Sixteen patients (22.5 %) had evidence of rectosigmoid endometriosis on preoperative LEUS and diagnosis was laparoscopically confirmed in 14 of 16. In the two false-positive cases, a dedicated bowel surgeon was present during the case and pronounced a lack of involvement in the rectosigmoid colon. On LEUS, endometrial tissue was diagnosed in the rectum (13 patients) and rectosigmoid junction (3 patients), with depth of invasion of muscularis propria (13 patients), submucosa (1 patient) and serosa (2 patients).
Fourteen patients had a resection of the involved bowel, with a dedicated colorectal surgeon (10 cases) or gynecologic oncologist (4 cases) involved in all cases. In 13 of 14 cases of bowel resection, the preoperative LEUS had been positive. Preoperative LEUS was negative in 55 patients with 54 patients confirmed negative at the time of surgery. In the case of the false-negative LEUS, a bowel surgeon was consulted intraoperatively once rectosigmoid involvement was discovered.
The overall diagnostic accuracy of LEUS compared to operative findings was 95.8 % (CI: 88.1, 99.1), which was comparable to the concordance between LEUS and histologic findings at 95.0 %. When compared to intraoperative laparoscopic visual evaluation, LEUS demonstrated a PPV of 87.5 % (CI: 64.1, 96.5) and a NPV of 98.2 % (CI: 89.0, 99.7). Sensitivity was 93.3 % (CI: 68.1, 99.8) and specificity was 96.4 % (CI: 87.7, 99.6). Test characteristics are presented in ▶ Table 2 . Intraoperative visual assessment for rectosigmoid endometriosis correlated closely with histologic confirmation of the diagnosis with an overall accuracy of 98.3 % (CI:91.1, 99.9), and NPV and sensitivity were 100 % in our cohort. Lower gastrointestinal symptoms had an accuracy of 26.8 % when compared to laparoscopic diagnosis of rectosigmoid endometriosis.
Discussion
Endometriosis that involves the rectosigmoid colon can be challenging to manage and, in many cases, requires operative intervention to control the symptoms and improve patients' quality of life. Preoperative diagnosis is of paramount importance to inform surgical planning and coordination of care, including the decision to involve an experienced bowel surgeon. Imaging modalities used to investigate presence of rectosigmoid endometriosis include LEUS, transvaginal ultrasound, contrast-enhanced computed tomography, and pelvic magnetic resonance imaging (MRI).
Pelvic MRI is in use at many centers in preoperative assessment of endometriosis, however, our experience with LEUS in diagnosis of rectosigmoid endometriosis demonstrates that it outperforms MRI. In the current study of a large American cohort, LEUS was found to have a high accuracy and a NPV of 98.2 % compared to MRI which has a PPV of 84 % to 91.2 % and a NPV of 64.1 % to 84 % [13 -16] . In addition, the Centers for Medicaid and Medicare Services Physician Fee Schedule lists the professional charge for an MRI of the pelvis with and without contrast as $ 434.52 in February of 2018 [17] . This is in contrast to $ 179.64 for LEUS within this database during the same period. As the practice of medicine in the United States begins to focus on value-based care, LEUS should be considered as an imaging modality for conditions involving the rectum and sigmoid colon such as endometriosis.
In our cohort, lower gastrointestinal symptoms correlated poorly with presence of histologically confirmed rectosigmoid endometriosis. This may be due to the non-specific nature of these symptoms and the high prevalence of irritable bowel syndrome in the general public, with particularly increased prevalence among women with endometriosis [18] . Because of the non-specific nature of lower gastrointestinal symptoms, they cannot be relied upon without additional imaging to assess for endometriosis involving the rectosigmoid colon.
Rectosigmoid resection carries notable risks distinct from gynecologic surgery and necessitates additional preoperative discussion and planning, with consideration of involving an experienced bowel surgeon. As rectosigmoid endometriosis is seen in stage IV disease, it is common to find additional extensive abdominopelvic endometriosis, which requires substantial operating block times for both the gynecologic and colorectal ▶ components of the surgery. For this reason, high confidence about presence or absence of rectosigmoid endometriosis is essential to efficient surgeon and operating room management. Limitations to the current study include a single-center experience with two endosonographers included. Further, only patients that went on to have laparoscopic evaluation were included in the analysis. This is a well-known source of selection bias in clinical research as patients who undergo surgery often have more advanced and, therefore, symptomatic disease [19] . This has been shown to overestimate the positive predictive value of preoperative diagnostic tests [20] . While this is a limitation, patients undergoing LEUS for evaluation of rectosigmoid endometriosis may have a high pre-test probability, making exclusion of non-operative patients acceptable. In our cohort, the majority (76.3 %) went on to surgical evaluation.
Conclusion
In conclusion, LEUS is a reliable, minimally invasive imaging modality for evaluation of rectosigmoid endometriosis with high PPV and NPV. It offers an excellent diagnostic profile, a favorable side-effect profile, and is cost-effective. In patients where there is concern for rectosigmoid endometriosis, preoperative assessment by LEUS should be considered to assist in operative planning. This planning may include ensuring appropriate equipment and staff are present as well as the decision to involve a colorectal or appropriately trained bowel surgeon if a bowel resection is anticipated.
